While DNA microarray analysis is widely accepted as an essential tool for modern biology, its use still eludes many researchers for several reasons, especially when microarrays are not commercially available. In that case, the design, construction, and use of microarrays for a sequenced organism constitute substantial, timeconsuming, and expensive tasks. Recently, it has become possible to construct custom microarrays using industrial manufacturing processes, which offer several advantages, including speed of manufacturing, quality control, no up-front setup costs, and need-based microarray ordering. Here, we describe a strategy for designing and validating DNA microarrays manufactured using a commercial process. The 22K microarrays for the solvent producer Clostridium acetobutylicum ATCC 824 are based on in situ-synthesized 60-mers employing the Agilent technology. The strategy involves designing a large library of possible oligomer probes for each target (i.e., gene or DNA sequence) and experimentally testing and selecting the best probes for each target. The degenerate C. acetobutylicum strain M5 lacking the pSOL1 megaplasmid (with 178 annotated open reading frames [genes]) was used to estimate the level of probe cross-hybridization in the new microarrays and to establish the minimum intensity for a gene to be considered expressed. Results obtained using this microarray design were consistent with previously reported results from spotted cDNA-based microarrays. The proposed strategy is applicable to any sequenced organism.
Global-scale transcriptional analysis is now established as the first level of characterization following sequence analysis and annotation. Whereas sequencing tools can be applied to any organism, transcriptional analysis by DNA microarrays is specific for each organism. With the ever-increasing number of sequenced organisms, there is a clear need for the development of organism-specific microarrays. Yet commercial microarrays are available for only a few model organisms. Thus, small groups or individual investigators interested in other organisms must generate the DNA microarrays themselves. The first choice an investigator faces is the type of microarray to be employed. Although there are now several available platforms, the choice is typically between spotted arrays (using either PCR-generated cDNA [33] or synthesized oligomers [11] ) and in situ-synthesized oligomer arrays (8, 9, 35) . Spotted microarrays require large up-front investments in materials and effort to generate the material to be spotted (the probes), verify the material to be spotted if PCR products are used, and provide quality control for the spotting process. Significantly, they lack flexibility in terms of changes in probe design, the number of arrays that can be printed before a new round of probes must be synthesized, and the minimum number of arrays that can be printed at any given time. In contrast, commercially manufactured microarrays (8, 9, 21) , whereby the oligomer probes are synthesized in situ, offer several advantages, such as flexibility in changing the probe design and microarray format, good quality control, no up-front setup costs, production in small or large batches as desired, and no need to store presynthesized probes over long time periods. Yet relatively few investigators have taken advantage of such microarray-manufacturing opportunities. Oligomer probes produce hybridization signals comparable to those from spotted cDNA microarrays (11, 34) . Frequently, one probe may suffice to detect the expression of a gene (9, 26) , thus making it easier to characterize paralog genes and splice variants, and can reach a level of sensitivity of close to 1 copy of mRNA (9) .
Once a microarray platform has been chosen, the next choice to be made is which of the available programs to use for microarray oligomer probe design. As stated by Li and Stormo (13) , "Empirically, the optimum probe for a gene would be the one with minimum hybridization free energy for that gene (under the appropriate hybridization conditions) and maximum hybridization free energy for all other genes in the hybridizing pool. Unfortunately, those energies depend on knowledge that is not computable from the sequence alone, at least not currently." We are not aware of any established method for predicting the melting temperature (T m ) of a surface-immobilized probe and the corresponding labeled mRNA or reverse-transcribed cDNA (its target). As a consequence, probe design programs (2, 4, 14, 15, 20, 28, 30-32, 40, 41, 43) use different criteria for selecting the best set of probes for a given set of parameters, such as GϩC content, the percentage of sequence identity or similarity, and T m s, assuming that the probe and its target are both in solutions. Each criterion by itself yields an "optimal" set of probes, but to capture the best possible probe set, several different criteria are used by the various design programs to rate each probe. Unfortunately, there are fewer reports on the performance of whole-genome microarrays created by using these programs than there are programs themselves. Given the different optimality criteria used by different programs, the best way to assess the quality of the probe design outcomes of these programs is experimentally.
This paper presents a general two-part strategy for developing high-quality microarrays for any sequenced organism. The first part consists of the in silico creation of a library of optimal probes for each target sequence and the selection of a first set of probes to be experimentally tested. The second part includes the experimental evaluation of the performance of the previously selected probes by using two mRNA pools corresponding to different strains of Clostridium acetobutylicum. The careful selection of the mRNA pools allowed for the estimation of the minimum intensity that a target has to achieve to be considered to be expressed. Finally, we compared the results obtained by using the newly designed array to those obtained by using our previously existing (1) cDNA microarray platform.
MATERIALS AND METHODS
Strains and culture. The two C. acetobutylicum strains used in this study were the wild-type strain ATCC 824 (American Type Culture Collection, Manassas, VA) and strain M5 (6) , which has lost the 178-gene-long pSOL1 megaplasmid. This megaplasmid harbors the solvent production genes and some not-yet-identified but essential sporulation genes. Both strains were stored at Ϫ85°C in clostridial growth medium (42) containing 15% glycerol. Cells were plated onto agar-solidified 2ϫ YTG (1ϫ YTG is 8 g of tryptone/liter, 5 g of yeast extract/liter, 2 g of NaCl/liter, 2.5 g of glucose/liter, and 7.5 g of agar/liter, pH 5.8) plates. Liquid cultures in flasks (200-ml working volume) of the wild-type strain were inoculated with single colonies at least 4 days old from plates after heat shocking at 70 to 80°C for 10 min. Liquid cultures of the M5 strain were inoculated with single colonies no more than 2 days old and without heat shock. Cultures were grown in an anaerobic chamber (Forma Scientific, Marietta, OH) in clostridial growth medium supplemented with 80 g of glucose/liter. For the time course experiment, C. acetobutylicum was grown in pH-controlled (pH Ͼ5) bioreactors (Bioflow II and 110; New Brunswick Scientific, Edison, NJ) (1). Cell concentrations were measured as the optical densities at 600 nm (OD 600 ).
Probe design software. Several oligomer design programs were tested (2, 4, 14, 15, 20, 28, 30-32, 40, 41, 43) , and six programs (CommOligo [14] , ROSO [28] , YODA [20] , ArrayOligoSelector [2] , OligoWiz 2.0 [41] , and PICKY [4] ) were selected based on the higher numbers of criteria (e.g., the level of sequence identity, the number of contiguous matches, T m , and the level of free binding energy) employed by these programs than by the other programs to select each probe, the extent of available details for individual algorithms, and the ease of use per our assessment.
Probe design parameters. All programs were set to return as many 60-mer probes as possible with a maximum similarity to any nontarget sequence on the genome of 75 to 85%. This relatively high similarity level was chosen to attain maximal genome coverage at the expense of allowing some (low) level of cross hybridization. The targets to be covered were 3,916 of the 4,024 annotated C. acetobutylicum ATCC 824 (19) sequences identified as CACXXXX or CAPXXXX, where X's represent numbers in the gene designations. The remaining 108 sequences (rRNAs and tRNAs), together with the intergenic regions separating the annotated sequences, were used as background sequences in the programs featuring that option. We use the term background sequences to describe those sequences for which a probe is not designed but against which all probes will be tested so as to avoid cross hybridization. All other parameters were set to the program defaults.
Computational probe selection. The potential of each probe for cross-hybridization was estimated by finding the minimum difference in T m between probe homodimers (i.e., the probes and their intended targets) and the corresponding probe heterodimers (i.e., the probes and likely nonspecific matches found in the C. acetobutylicum ATCC 824 genome) (Fig. 1) . For each probe, the set of nonspecific matches contained the first four hits returned by FASTA (22, 23) . T m calculations were done using Hybrid 2.5 (16) as described in reference 32.
DNA microarrays. All newly designed arrays featured in this study were fabricated by Agilent using the 22K format that contains 22,575 features, 1,080 of which are reserved for Agilent's control spots. All user-defined probes were uploaded through the Agilent eArray Web portal (http://earray.chem.agilent .com/earray/). The spotted cDNA microarrays for this organism were designed, constructed, and tested as described previously (1).
RNA isolation and labeling. Cell samples were treated as described previously (1) and stored at Ϫ85°C. Prior to RNA isolation, cells were washed in 1 ml of SET buffer (1), centrifuged at 5,000 ϫ g for 10 min at 4°C, and processed as described previously (1) but with the following modifications. Proteinase K (4.55 U/ml; Roche Applied Science, Indianapolis, IN) was added to the buffer, and the mixture was incubated for 6 min, followed by 4 min of subjection to a continuous vortex with glass beads (Sigma, St. Louis, MO) at room temperature; the RNeasy mini kit was used according to the instructions of the manufacturer (QIAGEN, Valencia, CA), and genomic DNA contamination was minimized by incubating buffer RW1 (1) at room temperature for 4 min; isolated RNA was eluted in 30 to 40 l of RNase-free water. RNA samples for microarray hybridizations were labeled with the cyanine dye Cy3 or Cy5 (GE Healthcare Bio-Sciences, Piscataway, NJ) by using an indirect labeling protocol (1) . Two mRNA pools were used for all experiments: pool A was created by mixing equal amounts of mRNA samples from wild-type flask cultures sampled at OD 600 of 1.09, 1.8, 2.6, and 2.0, FIG. 1. Flow diagram for designing a library of probes for all the target sequences of the C. acetobutylicum genome and selecting several probes per target to be experimentally tested. A target sequence is any sequence in the genome for which a probe has to be designed. The total number of target sequences is represented by nt. A background sequence is any sequence in the genome for which a probe will not be designed. Subscript i indicates a particular target sequence, and subscript j indicates a particular probe; thus, probe ij is the jth probe designed for the ith target sequence, and the total number of probes per target is denoted by np i . The total number of selected nonspecific matches for each probe is denoted by ns ij , and subscript k is used to denote a particular nonspecific match for probe ij . Homodimer ij is the dimer formed by probe ij and its complementary sequence (i.e., its target), whereas heterodimer ijk is the dimer formed by probe ij and the complementary sequence of its kth nonspecific match. The difference in T m between a homodimer and a heterodimer in a pair is represented by ⌬Tm. The number of desired probes per target to be tested is represented by np i .
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whereas pool B was composed of equal amounts of mRNA samples from strain M5 flask cultures sampled at OD 600 of 0.454, 0.868, 1.36, 2.40, 3.20, and 4.20. The integrity of the mRNA was tested using a Bioanalyzer 2100 (Agilent, Palo Alto, CA). Microarray hybridization, scanning, spot quantitation, and intensity normalization. Spotted cDNA arrays were hybridized as described previously (1) . After hybridizing different amounts of labeled material on a total of 10 design II arrays (see "ChIP-on-chip-capable probes" in Results), we determined that the best results were obtained using 0.75 g of labeled material (data not shown), and this amount was used for all subsequent hybridizations of oligomer arrays. All oligomer arrays were hybridized and washed per Agilent's recommendations except that incubation was at 65°C for 17 h. Scanning was performed as described previously (1) . Spot intensities were quantitated using Agilent's Feature Extraction software version 8.5 for the first set of experiments. Normalization and averaging of slide values were carried out as described previously (1) except that intensity ratios (calculated by comparing results for M5 and wild-type strains) and the mean intensities of probes corresponding to the same target were calculated after normalization.
Experimental probe selection. The final selection of DNA microarray probes was carried out by analyzing the intensities, minus the background, of the probes coming from the in silico procedure diagrammed in Fig. 1 (design I ; see "Computational design and selection of probes"), together with those of an additional set of probes (design II). This second set of probes was chosen to evaluate the potential of the probes for chromatin immunoprecipitation (ChIP)-on-chip applications (see "ChIP-on-chip-capable probes" in Results). Probe performance was evaluated by hybridizing a total of eight slides (four for design I and four for design II). For each design, two pairs of slides were employed in a dye swap configuration (5, 12) to account for gene-specific dye bias and technical replication effects. By using the procedure detailed in Fig. 2 , each mRNA pool (A and B) was used to contribute a probe to the final array design (design III). To do so, the median of the ranks of all experimentally tested probes for a given target and mRNA pool was calculated, and the probe with the rank closest to the median was selected.
Microarray data accession numbers. The data discussed here have been deposited in NCBI's Gene Expression Omnibus (GEO; http://www.ncbi.nlm.nih .gov/geo/). The GEO accession numbers for the microarray designs are as follows: GPL3820 for the spotted cDNA microarrays (1), GPL4030 for design I, GPL4029 for design II, and GPL4412 for design III. The accession numbers for the microarray series described here are as follows: GSE5383 for the platform and protocol test and GSE5384 for the platform comparison.
RESULTS
Computational design and selection of probes. The general procedure for the computational probe design and selection is shown in Fig. 1 . The first step of our in silico procedure is the generation of as many probes as possible for each of the selected targets by using several programs: CommOligo (14), ROSO (28), YODA (20) , ArrayOligoSelector (2), OligoWiz 2.0 (41), and PICKY (4). Figure 3 shows the distribution of the numbers of probes per target (Fig. 3A) and the distributions of T m s (Fig. 3B ) and GϩC contents (Fig. 3C) .
The second step of the computational procedure is the selection of the subset of probes to be experimentally tested. This selection is accomplished by evaluating how strong the potential of each probe for cross hybridization may be. An estimation of the specificity of each probe can be obtained by comparing the T m of the probe-target homodimer to the T m of a FIG. 2. Flow chart detailing the process of selecting two probes per target by using two-color microarrays. Two different mRNA pools (A and B) representing two different conditions or phenotypes are used to maximize the number of targets expressed. Subscript s is used to refer to an mRNA pool, nt represents the total number of target sequences, subscript i is used to denote one of the nt target sequences, and subscript j indicates a particular probe. To account for target-specific dye bias, a dye swap configuration is needed, and to account for technical replication variability, several slides are required. We represent the total number of arrays hybridized as N, and subscript z is used to refer to a particular array. We use ri ijsz to indicate the ranked intensity, minus the background, of the jth probe against the ith target as measured on the zth slide on the channel containing the sth mRNA pool. Intensities, minus the background, were sorted in increasing order; a rank of zero was assigned the first member of the sorted list, whereas a rank of 100 was assigned the last member of the list, and the ranks of the remaining members of the list were proportional to their ordinals on the sorted list. corresponding probe-nonspecific match heterodimer (10, 18, 24) . For each probe, we used the first four sequences (besides that of the probe itself) returned by FASTA as the most likely sources of cross hybridization. We selected the smallest of the four homodimer-heterodimer T m differences as the indicator of the potential of each probe for cross hybridization. This procedure was carried out for each probe corresponding to a given target, the list was sorted in decreasing order of the T m difference obtained previously, and the first three probes were selected to be experimentally tested. The set of probes resulting from the application of this methodology to every target sequence is referred to herein as design I. ChIP-on-chip-capable probes. At the time of the creation of this 60-mer array, we considered the possibility of a hybrid design capable of transcriptional profiling and ChIP-on-chip DNA array (3, 27) applications by employing probes targeting the region closest to the translational start site of each gene instead of the gene's promoter region. The detailed calculations supporting the feasibility of such an approach will be presented elsewhere, along with the experimental data. In the context of this work, suffice it to say that any probes located more than 500 bp from the beginning of the target sequence and those located past the half point of the target sequence were discarded and that the first three probes in this restricted sorted list were selected for experimental testing. We refer to this set of probes as design II.
Probes common between designs I and II. The two sets of probes are not mutually exclusive. In fact, designs I and II share 6,745 probes corresponding to 3,119 targets. A total of 797 of the 3,916 targets do not have a probe that is common between the two designs. Moreover, every target has at least one probe, while 99.5% of the targets are represented by two probes or more in each design.
Degree of probe replication (designs I and II). One of our self-imposed limitations was the use of the 22K Agilent array format. These arrays could accommodate up to 21,495 userdesigned 60-mers. This limitation prevented us from having two features (spots) for each of the three previously selected probes per target, as this scenario would require 23,496 features (23,496 ϭ 3,916 [targets] ϫ 3 [probes/target] ϫ 2 [features/probe]). Design I contains 9,842 probes in duplicate and 1,811 single probes, whereas design II contains 9,848 probes in duplicate and 1,799 single probes. For either design, the probes which were represented by a single feature were chosen randomly.
Experimental selection of probes. The general procedure that we devised for the selection of the final probe set based on experimental data is depicted in Fig. 2 . To maximize the number of expressed targets, we used two mRNA pools, one coming from the wild-type strain and another from strain M5. The intensities, minus the background, from two pairs of slides per design hybridized in a dye swap configuration were ranked, and those from the same probe and the same mRNA pool were averaged as described in Materials and Methods. Among all probes for each target, the median rank per mRNA pool was calculated, and the probe with the rank closest to this median was chosen. According to this procedure, each mRNA pool independently provides a probe candidate. In some cases, these probes may be the same, and in the absence of other information, we suggest the selection of the probe with the rank second closest to the higher of the two medians as the second probe for that target (Fig. 2) . In our case, given the availability of an alternative microarray platform (1), we selected the probe with the rank second closest to the median of the mRNA pool with the highest-ranked intensity for that target in our cDNA arrays. The probes selected according to this procedure are referred to as design III.
Contribution of designs I and II to design III. Table 1 shows the contributions of each program to designs I, II, and III and reveals that the majority of probes were designed by CommOligo (14) and OligoWizard (41) . Fifty percent of the probes in design III are common between designs I and II, and the remaining 50% are equally distributed between design I and design II.
Degree of probe replication (design III). The shorter the target, the more difficult it is to find more than one representative probe corresponding to a large difference in melting temperature between the intended target and the probe's nonspecific matches. Based on this premise, we decided to use only one probe for the 667 shortest targets to accommodate the maximum number of probes in triplicate, as this strategy would use all 21,495 available features {21,495 ϭ [(3,916 Ϫ 667) (targets) ϫ 2 (probes/target) ϩ 667 (targets) ϫ 1 (probes/ target)] ϫ 3 (features/probe)} on a 22K array design. Most of the genes with only one or two probes in designs I and II are annotated as genes for hypothetical proteins and have lengths of less than 200 bp.
Assessing the level of nonspecific hybridization. Although every probe has been designed to ensure the minimum amount of cross hybridization with any other sequence occurring in the C. acetobutylicum genome, the cumulative effect of the cross hybridization of all labeled cDNA elements may not be negligible. By following the approach used previously for our cDNA microarrays (1), we obtained an estimation of the level of cross hybridization by using the signal intensities coming from the labeled cDNA obtained from mRNA pool B. This pool is made up of mRNAs from strain M5 (6, 7), which has lost the 178-gene-long pSOL1 plasmid. By studying the distribution of the intensities of the 321 probes directed towards these missing pSOL1 targets, we could assess the level of cross hybridization that may be expected for any probe when its target is not expressed. Figure 4 shows that under the experimental conditions used, around 95% of the probes for pSOL1 targets exhibited an intensity, minus the background, of 50 U or less a When a probe design was generated by more than one program, it was included in the count for each program.
b The percentages were calculated relative to the total number of distinct probes (7, 165) when their target transcripts were not present. We will refer to this value of 50 U as the threshold of expression. Consistency of ratios obtained by different probes directed against the same target. According to Fig. 2 , each mRNA pool (A and B) contributes one probe design per target to our final array (design III). This selection is done based on the average rank of the intensities, minus the background, per channel. Figure 5 shows the excellent consistency of the ratios for the pairs of probes against the same targets produced by our approach.
Comparison of outputs of design III oligomer microarrays and our previous cDNA microarrays. Previous studies based on cDNA microarrays have provided invaluable insights into the transcriptional programs of C. acetobutylicum, and we have been able to relate several cellular programs to macroscopically observable morphological and physiological characteristics of the cells (36) (37) (38) (39) . We thus desired to examine the difference between the expression ratios for the probes in design III and those obtained using the cDNA microarrays. To do so, aliquots of labeled pools A and B were hybridized onto two pairs of our cDNA arrays (1) by using a dye swap configuration, and the results corresponding to probes with signal intensities above the previously determined threshold of expression are presented in Fig. 6 . The correlation between the average log 10 expression ratio for a target measured using design III probes and that measured using the cDNA platform probes is characterized by an R 2 value of 0.8089, a slope of 0.9715, and an intercept (x ϭ 0) of 0.0380 (data not shown). The correlation is thus deemed to be good, if not excellent.
DISCUSSION
Genome coverage. We have presented a general framework for the creation and validation of oligomer microarrays for any organism with a sequenced genome. The design III C. acetobutylicum microarray contains probes for 3,916 out of the 4,024 originally annotated sequences of the organism (19) . The remaining 108 sequences (rRNAs and tRNAs) were discarded as they account for the vast majority of the RNA complement of a bacterial cell (17) and would yield saturated signals. We were able to provide at least one probe for each target by choosing a maximum similarity to any other sequence in the genome of 75 to 85%. There are 11 genes with only one (4 genes) or two (7 genes) probes. Eight (CAC1152, CAC1446, CAC1844, CAC1873, CAC2248, CAC2790 CAC3633, and CAP0007) of these 11 genes have been annotated as genes for hypothetical proteins, two (CAC1409 and CAC1659) have been annotated as genes for predicted membrane proteins, and the remaining gene (CAC3739) has been annotated as ribosomal protein L34. The lengths of these genes range between the 81 bp of CAP007 and the 234 bp of CAC1152. This small departure from the recommended similarity level of 75% (11) has little to no effect on the probes included in designs I and II. These probes have been short listed based on the differences in melting temperatures of the heterodimers corresponding to each one of the four most likely cross hybridization matches. A large amount of similarity will result in a high melting temperature of the heterodimer, making its selection unlikely. Moreover, Fig. 7 shows that 95% of the probes included in designs I and II have a level of similarity to our calculated four most likely nonspecific matches of 68% or lower, and 99% of them have a level of similarity of 71% or lower. On top of that, the final probe selection is made based on experimental data, not any computational prediction.
Experimental testing of the computationally selected probes. All approximations needed for the computational selection of probes were subjected to experimental testing in the second round of our procedure (Fig. 2) . We used ranked intensities, minus the background, to make the process as impervious as possible to variations in signal intensity due to gene-specific dye bias and experimental variation. The good level of agreement among the expression ratios obtained for different probes corresponding to the same target (Fig. 5) suggests that the selection of probes based on the independent use of mRNA pools did not bias the ratios.
Estimation of the level of cross hybridization. One of the most promising applications of the large amount of data generated by high-throughput methods is the generation of new knowledge by using data-mining techniques. When dealing with microarray data, these techniques require the use of ratios corresponding to genes that are truly expressed. An indication of the minimum observed intensity of a probe when its target sequence is truly expressed can be obtained by spiking a selected set of targets (25) or by obtaining an experimental measure of the intensity that can be attributed to nonspecific cross hybridization. As in the previous study (1), we chose the second option by using an mRNA pool from a strain (M5) resulting from a significant deletion event (the loss of the 178-genelong pSOL1 megaplasmid) and then measuring the intensities of the probes corresponding to the deleted targets (Fig. 4) . We then used this information to calculate a threshold value above which it can be safely assumed that a gene is expressed and that its ratio contains meaningful information. Although this strategy may seem specific for C. acetobutylicum, similar strategies can be devised for other organisms whenever it is clear that a group of genes is expressed under some culture conditions but not under other conditions. Examples of such groups of genes would include genes related to motility and chemotaxis or to the catabolism of unusual substrates. In the former case, one would compare signal intensities from two mRNA pools, one FIG. 6 . Consistency between our previous cDNA platform and the probes from our final array (design III). The three outer rings represent the chromosomal genes, whereas the three inner rings represent the pSOL1 genes. For each set of rings, the central ring shows the ratio measured using the cDNA array whereas the other two rings present the ratios obtained using the two different probes in the oligomer array. Gray segments indicate probes (either cDNA or oligomer) with intensities below the mean intensity cutoffs of 300 U for cDNA probes and 50 U for oligomer probes. White segments on the cDNA rings indicate open reading frames not previously covered in our array. For those targets with only one probe on the array, the corresponding segment in either the external or internal ring is white. Ratios were calculated as the M5 value divided by the wild-type value; saturated red indicates a ratio of 3 or greater, black indicates a ratio of 1, and saturated green indicates a ratio of 1/3 or smaller. Quantitative data for this figure can be found in the supplemental material.
FIG. 7.
Percentages of similarity between the probes from designs I and II and their four nonspecific matches. The percentage of similarity between each probe and each one of its four highest-scoring nonspecific matches returned by FASTA was calculated by using the rigorous Needleman-Wunsch global alignment algorithm as implemented in EMBOSS (29) . Despite allowing the probe generation programs a maximum similarity of up to 80%, the bulk of the probes presented a similarity to their nonspecific matches of 70% or less. from the motile and the other from the nonmotile stage of a culture, and a value for the expression threshold could be estimated. In general, a threshold of expression can be calculated whenever clearly distinguishable phenotypic traits or metabolic pathways are uniquely and robustly related to the expression of a relatively large set of genes. For a discussion about the use of cDNA to calculate the expression threshold, see the supplemental material. Use of more than one probe per target. Our strategy of creating a library of microarray probes allows us to increase the number of probes per gene, as the price per feature decreases without the need for generating an entirely new set of probes. For instance, Agilent's 44,000-element array allows the user to specify the contents of up to 42,034 features or, equivalently, 14,011 probes printed in triplicate. In our case, and after discounting the 126 features needed for targets with one (four targets), two (seven targets), or three (eight targets [CAC0624, CAC1087, CAC1112, CAC1288, CAC1704, CAC2811, CAC3175 and CAP0170]) probes, we could print 2,278 targets in quadruplicate and the shortest 1,619 targets in triplicate, leaving only one unoccupied feature {42,033 ϭ (Fig. 5) . As the number of microarray expression data capturing different phenotypes increases, probes reporting conflicting results can be singled out, and once the true level of expression of the target is determined through quantitative reverse transcription-PCR, the best probes can be identified and the array design can be revised. Moreover, this method would make it possible to revisit and refine any previously obtained transcriptional data instead of simply writing off inconsistent results for a particular target.
